amaurosis of Leber, corresponding to the retinal aplasia of Sorsby and Williams (1960) . There is some evidence (Sorsby and Williams, 1960; Franceschetti et al., 1963 ) that autosomal dominant forms may exist but, if so, they must be responsible for only a small minority of cases. In addition, phenocopies may occur, and it is probable that acquired causes acting both in the prenatal and the perinatal period can give rise to a clinical picture indistinguishable from that of the more common genetically determined variety.
Characteristically, this condition is marked by visual failure from earliest infancy. At first no retinal lesions may be visible ophthalmoscopically, and, therefore, such visual failure has often been initially described as 'cerebral' or 'cortical' blindness, while in other cases congenital optic atrophy or congenital nystagmus has been diagnosed. The electroretinogram, however, is always grossly abnormal in the earliest stages, and in later years ophthalmoscopically observable lesions often develop, and may progress so that the final picture is not unlike that seen in retinitis pigmentosa. Cataracts and keratoconus are common late complications of the condition.
It is probable (Fraser and Friedmann, 1967) that Leber's congenital amaurosis, like autosomal recessive deafness, may be determined by homozygosity for an abnormal allele at any one of several gene loci. Thus, the same phenomenon occurs as in the case of autosomal recessive deafness that persons affected with Leber's congenital amaurosis who marry may often have normal children (Waardenburg and Schappert-Kimmijser, 1963) . There are some suggestions (Fraser and Friedmann, 1967) of ophthalmoscopically definable variations in the appearances of the fundus which may correspond to different genetical forms of the condition. Some component entities of this group may be distinguished by associated clinical features such as the syndrome of Leber's congenital amaurosis with renal abnormalities (Contreras and Espinoza, 1960; Senior, Friedmann, and Braudo, 1961; L0ken et al., 1961; Fraser and Friedmann, 1967) ; concomitant neurological abnormalities, possibly including deafness, may distinguish other variants (Franceschetti et al., 1963; Dekaban and Carr, 1966; Fraser and Friedmann, 1967 It should be noted that in the usual forms of retinitis pigmentosa, both autosomal dominant and autosomal recessive, the lesions are primarily peripheral. Thus, the macula is relatively spared and central vision may be preserved till an advanced age. These conditions, therefore, which include Usher's syndrome (autosomal recessive deafness with retinitis pigmentosa), only very rarely cause severe visual impairment in childhood.
Another autosomal recessive condition that may cause serious visual handicap in infancyand childhood is albinism. This, too, is a genetically heterogeneous condition, and, as the families described by TrevorRoper (1952) and Witkop et al. (1970) show, the marriage of albinos may lead to normal offspring. Two gene defects at different loci may correspond to the clinical distinction between complete (or universal) and incomplete albinism, and there is evidence that this difference may be distinguishable at the biochemical level also (Witkop et al., 1970 (Lyon, 1961) Vogel (1957) first clearly showed that this explanation could not apply to all cases, in that the proportion of affected children of affected subjects was very much less than the 5000 expected under the hypothesis of dominant inheritance. Vogel (1957) (Steward, Smith, and Arnold, 1956; Watillon et al., 1964; Fraser and Friedmann, 1967 Autosomal recessive inheritance is very rare in 'simple' optic atrophy (Kjer, 1959) , and some cases described under this heading may in fact represent examples of Leber's congenital amaurosis or retinal aplasia. Autosomal dominant inheritance of 'simple' forms is undoubtedly far more common. Anomalous inheritance patterns are found in Leber's optic atrophy; in view of the demonstration by Bruyn and Went (1964) of widespread neurological disturbances in some such cases, it is not clear whether this condition should be regarded as a 'simple' or 'complex' type of optic atrophy. It only rarely causes severe visual handicap in childhood and then exclusively in males. More typically, the onset of significant symptoms is deferred till adolescence or adult life, and the disease is far less severe in females. Provisionally the condition may be best regarded as inherited in a sex-linked manner with very variable manifestations in female heterozygotes. There are two major difficulties which indicate that such a simple explanation is not entirely adequate. One is that the disease has never been transmitted by an affected male-that is from grandfather to grandson through a heterozygous female-and the second is that the proportion of daughters of heterozygotes who are themselves carriers is far greater than the 50% expected.
Apart from the specific conditions mentioned above, optic atrophy as a cause of severe visual handicap in childhood is often found in association with evidence of brain damage such as epilepsy, cerebral palsy, neurological defect, mental subnormality, and deafness. Such cases frequently occur in premature children and are in all probability not genetically determined; they are usually associated with evidence of traumatic episodes in the perinatal period. The whole complex has, therefore, been tentatively designated as the 'perinatal damage syndrome' by Fraser and Friedmann (1967) ; males are more often affected than females. Occasionally difficulty may arise in distinguishing between conditions in this category and genetically determined complex neurological syndromes such as Behr's complicated optic atrophy.
Cataracts
Apart from bilateral retinoblastoma, cataracts constitute the other common autosomal dominant lesion causing severe visual handicap in childhood. Since retinoblastoma is potentially lethal as well as usually giving rise to total blindness, it reduces fitness far more than cataracts which are not only fully compatible with a normal life expectancy but also often lead to visual handicap of only moderate severity. Thus, a far smaller proportion of cases of cataracts than of retinoblastoma represents freshly arisen mutations, and a family history characteristic of dominant inheritance is much more common. Nevertheless, there always remains a possibility that a sporadic case may be due to a freshly arisen mutation. Autosomal recessive congenital and infantile cataracts do occur but are much more rare than the autosomal dominant variety; occasional pedigrees have been reported which are suggestive of sex-linked intermediate inheritance (Walsh and Wegman, 1937; Fraccaro et al., 1967; Fraser and Friedmann, 1967) .
In several of the recessive forms a metabolic abnormality has been identified, and these include galactosaemia, galactokinase deficiency (Gitzelmann, 1967) , and a form of glycogen storage disorder (De Loore and Van Gelderen, 1967) . Cataracts may be associated with hyperaminoaciduria in the oculocerebro-renal syndrome of Lowe, Terrey, and MacLachlan (1952) , which is a sex-linked recessive condition; and various investigators have suggested that deficiency of glucose-6-phosphate-dehydrogenase, another sex-linked recessive error of metabolism, may be associated with cataracts in early life, but the evidence is not convincing [see Fraser and Friedmann (1967) for references].
Further autosomal recessive types of cataract may be distinguished by their association with other clinical features as part of various syndromes.
These include the Marionesco-Sjogren syndrome, the Rothmund-Thomson syndrome, the Werner syndrome, the association of cataracts with congenital ichthyosis (Jancke, 1950; Pinkerton, 1958) , with renal tubular necrosis, dwarfism, mental retardation, and epilepsy (Crome, Duckett, and Franklin, 1963) As in the case of optic atrophy, there is a good deal of evidence (Fraser and Friedmann, 1967) Crawford, 1967; Fraser and Friedmann, 1967; Hull, 1969; Gabilan and Chaussain, 1969) . As in the case of the 'perinatal damage syndrome' involving optic trophy (mentioned above) males are affected more frequently than females. There is, in addition, a well-known connexion between cataracts and maternal rubella infection. Cataracts due to such primarily acquired causes may be confused with genetically determined varieties.
Schemes of classification of genetically determined cataracts based on morphological patterns of lens involvement have been proposed, for example by Francois (1959 (Nettleship, 1912) .
Autosomal recessive forms of high myopia have been described but the evidence is not entirely convincing. Sufficiently severe myopia to cause serious childhood handicap may sometimes represent the extreme of the normal 'physiological' refraction curve, and presumably in such cases it is under the control of polygenic inheritance. Lastly, prematurity predisposes to an acquired form of high myopia; some such cases may represent abortive forms of retrolental fibroplasia.
Retinal Detachment
Retinal detachment in childhood is usually a complication of high myopia, and the combination is often inherited in an autosomal dominant manner. In addition, there are instances of autosomal dominant, autosomal recessive, and sex-linked recessive types of retinal detachment in early life, which are not associated with high myopia; such a lesion may readily be classified as a pseudoglioma. Indeed, the diagnostic label applied may reflect only differences in a spectrum of continuous variation involving the timing and extent of the retinal detachment, though it remains quite possible that, to take the sex-linked group as an example, lesions of the pseudoglioma group and those defined as juvenile retinal detachment or retinoschisis represent distinct genetical entities.
Corneal Lesions
Both autosomal dominant and autosomal recessive types of corneal dystrophies are known and, as in the case of cataract, may tentatively be classified according to morphological patterns of involvement of the cornea. They are relatively common but rarely cause severe impairment of vision in childhood. Great care must be taken to exclude acquired causation in an individual case. Thus, congenital syphilis was formerly an important cause of keratitis in infancy and childhood, and other prenatally acquired causes may be of significance (Speakman and Crawford, 1966 Other genetically determined forms may be associated with myopia and corectopia (Usher, 1921) and with retinitis pigmentosa (Hermann, 1958) in autosomal dominant syndromes, and with macrophakia, hypermetropia, retinal degeneration, and dental anomalies in an autosomal recessive syndrome (Franceschetti and Gernet, 1965 (Sorsby, 1934; van Canneyt and Vandemeulebroecke, 1936 Rieger's (1934) autosomal dominant mesodermal dysgenesis of the anterior segment may coexist with skeletal and visceral abnormalities.
Microphthalmos, often in association with cataract, may occur in several complex syndromes.
Thus, oculo-dento-digital dysplasia is probably an autosomal dominant condition, consisting of microphthalmos in association with small nose, hypotrichosis, dental anomalies, camptodactyly of the fifth fingers, syndactyly, and missing toe phalanges. In addition, Lenz (1955) Another syndrome involving cataracts with dental maldevelopment and webbed toes was responsible for visual handicap in 3 of the 776 children studied by Fraser and Friedmann (1967) : all 3 were girls. The exact genetical and nosological status of this syndrome is unclear but, like the Francois-Hallermann-Streiff syndrome, it may be determined by autosomal dominant inheritance, the 3 cases in question representing freshly arisen mutations.
Other malformative syndromes where single gene dominant inheritance may be operative and which many include severe visual impairment in childhood include the Pierre Robin syndrome (Smith, Cavanaugh, and Stowe, 1960) , and conditions involving maldevelopment of the eyes and ears together with osseous anomalies of the facial skeleton and vertebrae of the type of the oculovertebral syndrome of Weyers and Thier (1958) .
Incontinentia pigmenti may sometimes give rise to severe visual impairment usually due to lesions of the type of pseudoglioma. The mode of inheritance of this condition has not been elucidated but it may best provisionally be regarded as due to a gene on the X chromosome which gives rise to the disease in heterozygous females (X-linked dominant inheritance) and is usually lethal in early foetal life in males.
Most of the malformative syndromes discussed thus far are inherited in an autosomal dominant manner, but the autosomal recessive cryptophthalmos syndrome forms an exception to this rule which is of particular interest. This comprises an exceedingly complex constellation of malformations involving both the viscera and the skeletal system (Fraser, 1962) .The feature which gives the condition its name and which leads to blindness is failure offormation of a division between the eyelids, combined with rudimentary development of the ocular globe. Renal * Circumstantial evidence of the presence of fresh mutation may be afforded by an increase in parental, especially paternal, age at the birth of affected children. While this information is often not recorded, in a recent case report (Ide and Webb, 1969) the paternal age at birth was 61 years and the maternal 33 years.
hypoplasia is common and when extreme, as is often the case, is incompatible with postnatal survival. The gene concerned, therefore, is sublethal and the homozygous survivors may be regarded as 'Durchbrenner' in the sense of Hadorn (1955) , meaning that they have escaped the lethal effects of the gene by passing a critical threshold in the range of variation of renal development found in this syndrome. A rough and ready rule governing the clinical manifestations of genetically determined conditions seems to be that malformative syndromes are inherited in a dominant manner whereas recessive conditions are often such as to be explicable in terms of deficient action of a single enzyme usually in postnatal life. The cryptophthalmos syndrome and several other complex malformation syndromes form exceptions to this rule, and, in the case of the cryptophthalmos syndrome, Fraser and Friedmann (1967) have adduced evidence that this condition may be due to homozygosis for a gene which in the heterozygous state may be responsible for minor ocular abnormalities such as moderate degrees of microphthalmos and blepharochalasis.t
Lastly, severe visual impairment in childhood may occur not as a component of a complex syndrome but as a result, often because of malformations of the skull leading to raised intracranial pressure and optic atrophy. Among conditions of this type determined in a simple Mendelian manner, the following may be mentioned: Crouzon's craniofacial dysostosis, Apert's acrocephalosyndactyly, and other less well-defined forms of craniostenosis and of oxycephaly, all probably inherited in an autosomal dominant manner, autosomal recessive osteopetrosis, and occasional sex-linked recessive cases of hydrocephalus (Fanconi, 1934; Edwards, 1960 Apart from such 'simple' forms of high myopia, coloboma, and buphthalmos tentatively ascribed to these mechanisms, they may also be operative in the causation of various complex conditions such as the Sturge-Weber syndrome and various other illdefined associations of eye defects with involvement of other organ systems, especially the skeleton. In addition, severe visual impairment may be due to optic atrophy as a secondary result of malformations, presumably determined in this way, which are associated with increases of intracranial pressure such as hydrocephalus, meningocele, and encephalocele.
Severe Visual Impairment in Association with Gross Anomalies of Karyotype Serious ocular involvement is extremely common in known syndromes due to chromosomal aberrations involving the autosomes, though much less frequent in persons with abnormalities of the sex chromosomes (Francois, 1967; Francois, Matton-van Leuven, and Gombault 1970) . Thus, in conditions due to trisomy of the D and E chromosomes gross morphological maldevelopment of the eyes is frequently seen, but such children rarely survive more than a few days and, therefore, do not make a significant contribution to severe visual handicap in childhood. The association of Down's syndrome or G group trisomy with cataracts is well known.
In addition to conditions that are associated with aberrations involving entire chromosomes, specific associations of eye defects with less severe chromosomal anomalies have been described. Thus, for example, Schachenmann et al. (1965) described a syndrome consisting of coloboma of the iris, anal stenosis, and renal malformation in association with a small additional acrocentric chromosomal fragment, this anomaly being inherited as an autosomal dominant condition. It is interesting to note that anal stenosis may be seen in association with Rieger's mesodermal dysgenesis of the anterior segment (Brailey, 1890; Crawford, 1967) , so that anomalies of the iris coexist with anal stenosis in two autosomal dominant syndromes, one associated with a visible chromosomal anomaly and the other not. Allderdice et al. (1969) have suggested that deletion of part of the long arm of a D chromosome, probably 13, gives rise to a characteristic clinical syndrome, with facial dystrophy, psychomotor retardation, and absent or hypoplastic thumbs, which often also involves the eyes in that retinoblastoma, microphthalmos, and coloboma of the iris may occur. Fraser et al. (1970) have reported karyotype studies in families of 23 of the 776 children with severe visual handicap studied by Fraser and Friedmann (1967) . These children were selected for karyotype study because of unusual constellations of congenital defects in association with their visual handicap, or because of anomalous hereditary patterns of the primary ocular lesion. No abnormal karyotypes were found. It should be emphasized, however, that all of the children studied by Fraser and Friedmann (1967) attended schools or training centres and none was so mentally subnormal as to be regarded as entirely ineducable. Thus, in view of the virtually constant association of gross mental subnormality with major chromosomal aberrations, the absence of abnormal findings in this group is not unexpected. The situation may well be different among children selected both through visual handicap and mental subnormality.
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